isolates were confirmed as serogroups B, C1, and C2. Kauffman-White serotyping was performed by a contract laboratory. Serotypes (n = 30) recovered were Anatum, Heidelberg, Infantis, Kentucky, Mbandanka, and Typhimurium. This work demonstrated that nest run egg carts may serve as reservoirs for Salmonella in the shell egg processing environment.
INTRODUCTION
Sanitation is a crucial part of good manufacturing practices, ensuring that safe, wholesome food reaches consumers (Kornacki and Johnson, 2001) . Surfaces of equipment, packaging, and other objects that come into direct contact with food are potential sources of recontamination. However, surfaces which do not come into direct contact must also be considered in terms of facility sanitation because of their potential to serve as reservoirs of microorganisms that can affect product safety and quality (Musgrove et al., 2004a) .
In particular, equipment that travels throughout a facility may increase the risk of cross-contamination (Forsythe and Hayes, 2000) . Commercial shell egg plants have unique challenges in maintaining sanitary conditions. In-line processors, in which the hen houses are physically connected to the plant, may have as many as 4 million birds residing on the premises (Knape et al., 2002) . Flies, dust, feces, and rodents are encountered more often than if the birds are housed elsewhere. A series of conveyors transports eggs from the cage or nest boxes to the washing, packing, and sorting equipment (Davies et al., 1997; Davies and Breslin, 2003a,b) . Processors that handle off-line eggs, produced by hens in houses not attached to the plant, may face even greater challenges. Off-line eggs are most often transported to the processing facility in plastic flats placed on metal carts with unpainted plywood shelves. Mixed operations will supplement their in-line egg production with off-line eggs that are mechanically loaded onto the processing line from the plastic flats (Bell, 2002; Knape et al., 2002) .
These "nest run carts" arrive at the shell egg facilities in trucks. Though great care is taken to maintain shell integrity, some eggs will be cracked during transport (Knape et al., 2002) . Contents from broken eggs leak onto the unpainted wooden shelves, providing a nutritious substrate for bacteria and fungi. Shelving is used ABSTRACT Salmonella, a member of the bacterial family Enterobacteriaceae, may be recovered from foods and processing facilities. High levels of Enterobacteriaceae in the processing plant environment can be an indication of inadequate sanitation. This experiment was designed to determine if nest run egg carts serve as reservoirs for Salmonella. Eggs that are produced by hens not housed in buildings connected to the processing plant are referred to as nest run. Many of these eggs are transported to a central processing facility before they are washed, graded, and packed. Two plants in the Southeastern United States were sampled; one was a mixed operation and the other was an offline operation. On each of 3 visits, 5 shelves on each of 5 carts were sampled (n = 25/visit). A 12 × 12 cm area on each shelf was swabbed with a sterile gauze pad moistened with PBS and transported on ice back to the laboratory. Each swab was preenriched in buffered peptone at 37°C for 24 h, selectively enriched using TT and Rappaport-Vassiliadis broth at 42°C overnight, then plated onto brilliant green sulfa and XLT-4 incubated at 37°C for 24 h. Presumptive colonies were transferred to lysine iron agar and triple sugar iron slants for 24 h at 37°C. Isolates with presumptive reactions were confirmed using commercial polyclonal antisera. After initial confirmation, serogrouping was performed using commercial antisera. Mixed-operation swab samples were 12% positive for Salmonella, whereas off-line samples were 36% positive for Salmonella;indefinitely, and cleaning shelves is not generally included in sanitation standard operating procedures. In a 5-yr cycle, many shell egg companies may only post a profit for 2 to 3 yr (Ricke et al., 2001 ). Operating on a thin profit margin, commercial enterprises avoid any unnecessary expense. Generally, the carts are only used for transport of prewashed eggs that do not come into direct contact with the wood. As a result, alternative shelving for carts has not been considered a pressing issue (Bell, 2002) .
After the carts have been used, they eventually become covered with dried egg yolk and albumen, providing a substrate for microbial growth and a potential surface sample for sanitation microbiologists. In a previous study, we found these shelves to be contaminated with large numbers of Enterobacteriaceae and aerobic microorganisms (Jones et al., 2003; Musgrove et al., 2004a) . The objective of this study was to sample nest run cart shelves at 2 commercial shell egg processing facilities, an off-line (OL) and a mixed operations (MO) plant, on 3 visits each to determine if they were contaminated with Salmonella spp.
MATERIALS AND METHODS

Sample Collection
Two shell egg processing plants in the Southeast observed using nest run carts agreed to participate in the study. One of the plants was an OL facility in which eggs are transported from hens housed somewhere not physically connected to the building. The other facility, an MO, primarily processes in-line eggs but supplements production by processing off-line eggs. Each facility was visited 3 times. At each visit, 5 nest run carts were selected randomly from a group of empty carts in the nest run cooler for sampling. These carts have metal frames with 3 pieces of unpainted plywood on each of 5 shelves. A single piece of wood from each of the 5 shelves per cart was sampled by swabbing (n = 25/visit). A 12 × 12 cm area on a single unpainted plywood section of each shelf was aseptically swabbed with a sterile gauze pad (10 × 10 cm) that had absorbed 10 mL of PBS, placed in a Whirl-Pak bag (Whirl-Pak, Modesto, CA), and transported on ice back to the laboratory within 2 h. The pad was squeezed before sampling the shelves so that excess diluent did not remain on the shelves. In the laboratory, samples were mixed by placement in a Pulsifier (Microbiology International, Frederick, MD) for 15 s.
Microbiological Methodology
The process began with Salmonella preenrichment in buffered peptone water at 37°C for 18 to 24 h, selectively enriched in Rappaport-Vassiliadis and TT broth at 42°C for 18 to 24 h, and then plated onto BGS agar and XLT4 plates (Accumedia Manufacturers Inc., East Lansing, MI). After the plates have incubated at 37°C for 18 to 24 h, a presumptive Salmonella colony was selected and used to inoculate triple sugar iron and lysine iron agar slants (Accumedia Manufacturers Inc.). Any isolates giving typical reactions after 18 to 24 h at 37°C were confirmed serologically using a commercial polyclonal latex agglutination kit (Microgen, Camberly, UK). After being confirmed as Salmonella, isolates were serogrouped with commercial anti-sera.
Selection of Isolates and Statistical Analysis
After being serogrouped, isolates were recultured 3 times onto plate count agar (Accumedia Manufacturers Inc.) and incubated at 37°C overnight to increase the likelihood of clonality. After the third passage samples were placed on ceramic beads in cryoprotective media and stored frozen at −80°C until further analyses were performed. Before being sent for serotyping, isolates were recovered from ceramic beads and replated onto plate count agar as described previously. A single isolated colony was then used to inoculate tubes of nutrient agar, incubated overnight at room temperature before being shipped to the National Veterinary Services Laboratory in Ames, IA, where they were serotyped by the Kaufman-White scheme. A chi-squared test for difference (P < 0.05) was conducted on the Salmonella prevalence determined at each facility (Ott, 1977) .
RESULTS
Salmonella prevalence and serotype are described in Table 1 . As determined by chi-squared analysis for difference, Salmonella prevalence at the OL facility (12%) was significantly different (P < 0.001) from the MO facility (36%). A replicate effect was not observed. In total, 7 serotypes were recovered; all were members of serogroup B, C1, or C2. There were 5 serotypes recovered from the OL facility and 3 recovered from the MO facility. Salmonella Mbandanka was the only serotype recovered from both facilities.
DISCUSSION
Some of the factors that can negatively affect food safety include poor facility construction design, contamination of raw materials, insufficient employee training, and poor facility and equipment sanitation. Redesigning a facility is not practical; however, proper employee training and improved sanitation can be accomplished at any facility (Carsberg, 2003) .
In 7 CFR part 56, minimal facility requirements for processing sanitation are described for facilities enrolled in shell egg voluntary training programs. Daily cleaning of all surfaces within the processing facility as well as replacement of wood with more easily cleaned shelving materials are recommended (USDA, 2000) . New Food and Drug Administration regulations include testing layer hen housing environments for Salmonella (FDA, 2009). Davies and Wray (1994) suggest that Salmonella in the processing environment could result in contamination of Salmonella-free flocks. Eliminating reservoirs for persistent Salmonella contamination reduces both the chances that the organism will be recovered from routine sampling of flocks, avoiding the associated time, energy, and expense of identification of serotype; and diverting eggs to break out for liquid egg production, which is less profitable for shell egg facilities (Zeidler, 2002) .
Untreated wood shelves are inexpensive (Forsythe and Hayes, 2000) but are difficult to clean. The egg industry operates on a thin profit margin, so any changes that increase expenses must be justified (Bell, 2002) . In previous work performed in our laboratory, high microbial counts were detected for nest run cart shelves and wheels (Jones et al., 2003; Musgrove et al., 2004a) . A more in-depth study was conducted to better characterize the cross-contamination potential of untreated wooden shelves by Enterobacteriaceae and Salmonella. A previous report described numbers and types of Enterobacteriaceae recovered from nest run cart shelves (Musgrove et al., 2009) . The purpose of this manuscript is to report on the prevalence and serotypes of Salmonella recovered from the same nest run cart shelves.
As is the case with coliform and general Escherichia coli counts, Enterobacteriaceae population counts are used as indicators of sanitation; the higher the numbers, the lower the level of sanitation (Kornacki and Johnson, 2001) . Enterobacteriaceae, made up of over 30 genera, includes Escherichia coli and Salmonella. These organisms are found on shell eggs and the shell egg processing environment (Board, 1966; Moats, 1980; Musgrove et al., 2004b Musgrove et al., , 2005 Musgrove et al., , 2009 ). In the facilities studied, high Enterobacteriaceae counts indicated the possibility of Salmonella recovery.
A total of 35 isolates were recovered during the study: 30 from the OL facility, 5 from the MO facility. A higher rate of Salmonella recovery was observed at the OL facility (P < 0.001) compared with the MO facility (36 vs. 12%). Most mixed operations depend primarily on in-line eggs as the primary source for eggs washed or processed. Off-line eggs are used to supplement the egg supply and may occur as seldom as one day per week, and perhaps more often when demand is highest. Although nest run eggs may be processed more often in some mixed operation facilities, they were generally used only on a single day each week. Given that OL nest run carts are used more often, perhaps the daily contribution of nutritious egg contents (yolk and albumen) makes it more likely that contaminants such as Salmonella survive. The OL Enterobacteriaceae counts were also higher than MO counts (Musgrove et al., 2009) . As reported in 2009, the top shelves of the carts had significantly less Enterobacteriaceae than the 4 lower shelves. The same pattern was not observed in terms of Salmonella colonization. Table 1 contains a list of the Salmonella serotypes and number of positive samples recovered at each facility. There were 5 serotypes (S. Cerro, S. Heidelberg, S. Infantis, S. Mbandanka, S. Oranienberg) recovered from the OL facility and 3 (S. Anatum, S. Mbandanka, S. Typhimurium) recovered from the MO facility. Salmonella Mbandanka was the only serotype recovered from both facilities. The variety of serotypes recovered in this study was broader than is typically reported for eggs (Musgrove et al., 2004a,b; Musgrove et al., 2005) but fairly typical of poultry operations (Poppe et al., 1991; Barnhart, 1993; Jones et al., 1995; Murase et al., 2001) . Musgrove et al. (2005) recovered S. Heidelberg, S. Kentucky, and S. Typhimurium from commercial shell eggs. In the 2005 study, S. Kentucky was recovered from eggs collected at all 3 facilities sampled; it is surprising not to find it at either of the facilities in the current study. Jones et al. (1995) , as a result of sampling a single facility in Arkansas, found S. Agona, S. Typhimurium, S. Infantis, S. Derby, S. Heidelberg, S. California, S. Montevideo, and S. Mbandanka on nest run eggs and equipment, but only S. Heidelberg and S. Montevideo after washing. Poppe et al. (1991) isolated S. Typhimurium and S. Heidelberg most often from pools of fertile breeder and table eggs, though S. Heidelberg was the most common serotype from egg belt and fecal samples from layer houses. Barnhart et al. (1991 Barnhart et al. ( , 1993 sampled ovaries and carcasses from spent laying hens in the southeastern United States. Serotypes most frequently isolated were S. Heidelberg, S. Agona, S. Kentucky, and S. Typhimurium. S. Enteritidis, the serotype was often associated with outbreaks of egg-borne salmonellosis (Ricke et al., 2001) , was not recovered in this study.
In the recall of shell eggs in 2010 (CDC, 2012), it was reported that poor sanitation was observed in the processing facility. This may have contributed to crosscontamination or persistence of Salmonella, including S. Enteritidis in the layer house and processing environment (CDC, 2012) . It has been determined that Salmonella readily adhere to wooden surfaces (Dawson et al., 2007) . When surfaces are not cleaned properly, biofilms may form (Agle, 2007) . Once established, these cellular matrices may be extremely difficult to remove. Biofilms consist of multiple species, and may include pathogens such as Salmonella. Bacteria within the biofilm grow more slowly than planktonic cells and are inherently more resistant to antimicrobial treatments. In addition, while associated with the biofilm, isolates may acquire genetic antimicrobial resistance or virulence factors (Kumar and Anand, 1998; Kim and Wei, 2007) . Salmonella in the egg processing environment present a potential for contamination of Salmonella-free flocks Breslin, 2003a, 2003b) . Molecular studies have confirmed that Salmonella recovered from surfaces at breeder farms were also recovered from flocks and retail products (Davies and Wray, 1994) .
Nest run carts are an economical means of transporting eggs to and through shell egg washing facilities. However, stainless and zinc-plated carts specialized for use in commercial shell egg facilities are available (Forsythe and Hayes, 2000) . Although more expensive, these alternative nest run carts may be useful in reducing growth niches for Salmonella and other Enterobacteriaceae in the shell egg processing environment. As Salmonella niches are reduced in the shell egg processing facility, chances of cross-contamination are reduced.
